Industrial poultry workers may be at elevated risk of avian influenza infection due to intense occupational contact with live poultry. Serum samples from poultry workers and community members in the Delmarva Peninsula, one of the densest regions of poultry production in the United States, were analyzed for antibodies to strains of five avian influenza subtypes using microneutralization assays. No evidence of infection was found, suggesting inefficient transmission to humans or the absence of virus in these premises. Continued serological surveillance of workers in industrial food animal facilities is necessary to prevent the transmission of influenza A viruses.
Introduction
Industrial food animal production is characterized by the high-density production of food animals in confinement that are managed to maximize meat production within a short period of time. 1 Industrial production techniques -which now dominate the poultry industry and increasingly swine production as well -were first developed in the United States but have spread around the world, most recently in Asia and Latin America. As evidenced by the 2009 H1N1 pandemic, attention to the animal-human interface in the context of industrial food animal production is critically important in identifying and possibly preventing the emergence and spread of zoonotic influenza A viruses. 2 Poultry workers and others in direct contact with domestic fowl are recognized as the front line for transmission of avian influenza viruses to humans, which has been shown in studies of H5N1 and similar viruses in Asia and Europe. 3, 4 While some studies indicate that poultry workers in the industrialized sector have not been infected during the course of work and that background avian influenza seroprevalence is low, 5, 6 others have reported that working in industrial poultry facilities is an important risk factor for human infection with avian influenza, in the context as well as independent of reported outbreaks in poultry. [7] [8] [9] [10] Studies of avian influenza transmission between poultry and workers in industrial facilities in regions of high endemicity for recent outbreaks are limited, due in part to the perception that industrial poultry facilities are biosecure and biocontained. 11 Despite these perceptions, low pathogenicity avian influenza strains are periodically detected among US commercial poultry flocks, often resulting in the depopulation of thousands of birds in efforts to control the virus. 12 Between 2002 and 2005, hemagglutinin subtypes H1-H13 and all nine neuraminidase subtypes were detected in US poultry flocks. 13 In recent years, LPAI H5 viruses were reported in commercial turkeys in Virginia and West Virginia in 2007, resulting in culling over 75,000 birds. Detections of LPAI H7N9 and LPAI H7N3 in Nebraska and Arkansas resulted in the depopulation of 116,000 commercial birds in 2007, and over 20,000 broiler breeders were culled in Kentucky following a detection of a LPAI H7 virus. 14 Despite the documented presence of avian influenza viruses in the commercial poultry flock in the US, little is known about poultry worker exposure to these viruses. Poultry workers in industrial settings where thousands of birds are confined have intense contact with live poultry, frequently in the absence of personal protective equipment or facilities to maintain hygiene. These workers also report taking their work clothing home for laundering, potentially exposing family members to occupational pathogens. 15 In this study, we analyzed serum samples of poultry workers and community residents from the Delmarva Peninsula for antibodies against strains of five subtypes of avian influenza and two subtypes of human influenza to assess frequency of exposure. The Delmarva Peninsula is a region of the US states of Delaware, Maryland, and Virginia that produced more than 7% of the total US broiler chickens in 2007. 16 A low pathogenicity H7N2 virus was detected in the Delmarva Peninsula in 2004, resulting in the depopulation of more than 100,000 broilers in Delaware and Maryland. 12 This study draws on our previous work in the Delmarva region to assess environmental and occupational health impacts of the poultry industry. 15, [17] [18] [19] [20] [21] 
Materials and Methods

Sample collection
Serum samples used in this study were taken from a study of poultry workers and community residents in the Delmarva regions of Maryland and Virginia. 15 ,19 In this study, a convenience sample (N=99) was obtained to evaluate exposures to bacterial pathogens. We interviewed workers and community residents and collected serum samples in the fall of 2003 and again in the spring of 2005. The study was approved by the Johns Hopkins Medical Institutions Committee on Human Subjects Research.
Subjects were invited to participate through public notices, flyers, and outreach of local organizations. Individuals less than 18 years of age, those employed in the medical industry, those working in a processing plant, and those who had traveled outside the United States in the past three months were excluded. All data were collected confidentially. Data collection is described in greater detail elsewhere. 15, 19 Subjects completed a face-to-face questionnaire, which included demographic and employment information, health insurance status and primary source of health care, and non-occupational risks of exposure to zoonotic infections (such as pets in the home). Select demographic and socioeconomic characteristics are presented in Table 1 .
Individuals who reported poultry work were asked specific job title (catcher, grower or live hanger), frequency of exposure to poultry, and use of personal protective equipment. Of the poultry workers in this sample (n=24), 16 workers (67%) reported working as chicken catchers (manually collects chickens from chicken houses and transports to processing facility, often visiting multiple farms per day), 7 workers (29%) were growers (owns the chicken houses and responsible for raising the birds), and 1 worker (4%) reported working as a live catcher (unloads the chickens from the trucks at the processing facility and hangs them on the killing line).
Nearly 92% of workers reported working in the poultry industry for more than 5 years, with the remainder working one year or less in the industry. 83% of workers reported working 5 days or more each week in the poultry houses.
Serological analysis
Six to 10 mL of venous whole blood was collected by butterfly catheter from each subject. Blood was kept on ice for up to 1 hour following collection. Blood samples were allowed to clot at room temperature for 15 to 30 minutes then held at 4°C for up to 1 hour. Serum was separated by centrifugation and transferred to 1.5mL Eppendorf tubes. Samples were stored at −20°C until they were analyzed at the University of Iowa.
Serum samples were analyzed for antibodies that recognize the human influenza A viruses A/New Caledonia/20/99 (H1N1) and A/Panama2007/99 (H3N2) using the hemagglutination inhibition (HI) assay protocol. Sera were pre-treated with receptor destroying enzyme and hemabsorbed with guinea pig erythrocytes. Laboratory techniques for the HI assays performed are described elsewhere. 22 Avian influenza viruses and antisera were generously provided by Dr. Richard Webby of St. Jude Children's Research Hospital, Memphis, Tennessee; Dr. Alexander Klimov from CDC; and Dr. Dennis Senne of the National Veterinary Services Laboratories, Ames, Iowa. As per previous reports8 , 22 microneutralization assays adapted from Rowe et al 23 Fertilized eggs were used to grow avian influenza viruses for microneutralization assays. Sera were screened at a dilution of 1:10, under the expectation of low titers. Further analyses at higher dilutions were not performed because of the lack of positive specimens at this level of dilution.
Results
We found no evidence of previous infection with any of the avian influenza viruses subtypes among the poultry workers or community residents (Table 2) . No individual within our sample had titers to any of the avian influenza subtypes at dilutions greater than 1:10, which we interpreted as evidence against previous infection with these viruses.
In contrast, we found an equally high prevalence of elevated antibodies against both subtypes of human influenza viruses among both the poultry workers and community residents (Table 3) .
Discussion
Our findings suggest that poultry workers and community residents in the Maryland and Virginia areas of the Delmarva Peninsula were not exposed to avian influenza viruses prior to our sample collections in 2003 and 2005. We found that seroprevalence to human influenza viruses was similar between poultry workers and community residents, and that more than half of both groups were seropositive to currently circulating human influenza viruses.
Infection with human influenza A viruses among poultry workers is of particular concern to public health as it pertains to 1) the risk of worker co-infection with avian and human influenza subtypes and 2) increasing the probability that an animal influenza A virus can adapt to productively infect a human. Co-infection with avian and human strains provides opportunities for reassortment and the subsequent emergence of a novel influenza strain. 24 Infection of humans with animal influenza A viruses can also lead to the selection of virus variants that are better able to infect and spread in the human population. 25 The interpretation of the human influenza seroconversion data is limited by our lack of information on influenza vaccination uptake among subjects. However, given that nearly 30% of the poultry workers in our study report having no health insurance (Table 1) , it is likely that many individuals in the study had not received seasonal influenza vaccine, and that elevated antibodies reflect natural infection.
We discuss five potential explanations for our negative serological findings for avian influenza infection. First, it is feasible that the workers in our study were not exposed to avian influenza viruses because there was no avian influenza virus present in the poultry houses prior to serum collection. We were unable to confirm the precise poultry houses affected by the LPAI H7N2 virus in Delmarva in 2004, and it is possible that our study population did not include workers working at farms affected by avian influenza viruses.
Second, avian influenza viruses may have been present in the poultry houses but were not transmitted to humans, resulting in a lack of seroconversion. This conclusion would be in accordance with prior studies which documented the importance of the species barrier in preventing easy transmission of some avian influenza strains, including high pathogenicity H5N1. 26 The inability to distinguish between a lack of human exposure or limited viral ability to infect humans speaks to the need for increased active surveillance of commercial animal populations and availability of both existing data and animals for routine serological testing.
A third possible explanation is that the workers were exposed to avian influenza viruses, but personal protective equipment prevented infection. Ten workers (42%) reported wearing dust masks during the course of work and five (29%) reported wearing protective glasses.
Given non-universal utilization of respiratory protection, it seems unlikely that the use of personal protective equipment explained the lack of seroconversion observed in this study.
In addition, although we used five antigenically distinct avian influenza viruses to assess a wide number of different virus subtypes, it is possible that slight antigenic differences between the avian influenza viruses used in the assays and the viruses circulating in the poultry (antigenic drift variants) could result in false negative readings. This explanation seems unlikely, however, as other US poultry-exposed adults' sera have been found to be reactive to the same viruses. 9 We conclude that the most likely explanations for our results are that the workers in our study were either not exposed to avian influenza viruses because none were present in their occupational environments, or that the viruses to which they were exposed were incapable of infecting humans.
The small number of poultry workers in this study may have limited our ability to detect low levels of seroprevalence in this occupational population. Given uncertainty regarding background levels of avian influenza seroprevalence among industrial poultry workers, this concern suggests the need for larger studies of this population.
This study focused on persons with occupational exposure to live poultry in the context of industrial poultry production in the United States, a population with documented exposure risk to zoonotic pathogens. As such, the results do not address the possibility that nonoccupational contact -including environmental or household contacts with animals or zoonotic agents -could result in higher risks of seropositivity than those observed here.
Our understanding of the extent and nature of industrial poultry worker exposure to avian influenza viruses in the United States is incomplete. Vaccinating poultry workers against human influenza can reduce one risk factor for the emergence of a novel influenza virus by reducing the risk of co-infection with human and avian influenza A viruses. However, preventing human infection with zoonotic influenza viruses is necessary to reduce risk of pandemic emergence.
Greater attention to the serological status of the industrial food animal worker population is of vital importance. This has been pointed out by recent papers with respect to swine workers. 22, 27 Follow-up studies of poultry workers in the Delmarva region may provide information on temporality of seroconversion in this population. Prospective studies of industrial food animal workers are required to monitor this critical animal-human interface in the United States, and, since they are likely to provide early signals of viral emergence and transmissibility, this should be a central component of pandemic prevention strategies. * Antibody detection to avian influenza A viruses performed using microneutralization assays.
